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ABSTRACT : PROBLEM TO BE SOLVED: To obtain a highly reliable surface-emitting laser which 

enables oscillation in the long wavelength region and single transverse mode operation, 
decreases the film thickness, and can be easily produced. 

SOLUTION: There is provided an upper semiconductor multilayer 26, which contains 
semiconductor layers 24 and 25, over a structure in which an active layer 1 1 is embedded 
in a semiconductor and grown, and a lower semiconductor multilayer 5, which contains 
semiconductor layers 3 and 4 grown under the structure. The semiconductor layer 24 of 
the upper semiconductor multilayer 26 is partially removed to the optical waveguide, and 
the semiconductor layer 3 of the lower semiconductor multilayer 5 is also partially 
removed to the optical waveguide, making a DBR structure which consists of an air space 
24a and the semiconductor layer 25, and another DBR structure which consists of an air 
layer 3a and the semiconductor layer 4. 
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LTAuZnNi<75p^®Bg3 1 *JFML/c. 
[0033] Lf f^M LtzW\?mv-^r^ 

KRftw&m/izmmnms'&it^t. z om&itv 

— fii\ . 55m mOfc&T'SBfc L- . SfclTC-jrc $ il-g>^*<50 
GalnAsP^vSttgtC^fOra^U— tftCjt^. RfffflSSE 

SSr^HgL^. fflf>^AlGaInAs.S.tXAlGalnP tfOffl 

^5r^T I nP{c^ LT+10 %~ 1 0 XcOfflBTW? 

tz. 

[0034] Lm2mmmmmi 07-131 ost«hl 
ns~ni ot-e^sgffxg^^-r. 



Dkiorwin. . irv%n/v,«i 
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[oo35] 07 iZTFtmttfci' ~>m, im.M4 2 1 

JBMHSHeJB 3 6 ±afc£®¥-«?#JS 5 7 S:W L T i > •& , 
±M&®*mtom 5 7£>±fctitp9SSJB6 1 L . 
fifiSSiDC: n3!%fi 6 2 Sr^T LT t »ft . 5 9 (.ISiCl, 
UPTON x K&toBam&wL. flF*5 9a*ljfe?)Iiai 

[00 36] TSB^JB^ftJg 3 6 (i^i-O^ffcJl 3 
4 ^ jRZL^NVflcJB 3 5 i: j^SfCffiH Sii^^tt^ 

^mmmmx'h o , — ^<cm-<wsfrJS3 4. /si -co 

4^f*ii 3 5 //to ,r h X o (c . Ji 4 2 OittTSr -£t? 

3 4« t BHb$iit . iffldMR 3 4 

a tmzj&mfcm 3 5 1 #%3fc8M sixfcjKss?' 
5 -v 7-fx.mm ( d b r ) mm. t^x^h ... 51a. ss- 

C0¥#tt<)g3 4{2AlGaInAsJg. 35 ~ O^fWg 3 5 « A 
IGalnPJBTAOs Al GalnAsJS 3 4 <?.) Aft^&gfcfr* T*3S 
»ftf 2. i b *c J: OJJEtf) D B Rf&ttcffM IT £> 

[00 37] ±«K3MB¥«frJB 5 7 J4SI— o¥9MMI 5 

3-«M*s;tT& o . — mzx-*)!¥mttim5 5/m—0) 

¥m*m 5 6&m-tJ:o fc„ iS14Ji4 2 *>fi± 

3>¥*flcJ| 5 5 MRfcSftT » BHI5IMI fc *z 
cn^-mim 56 1 ifiSSKtzltM § #u£ D BRiatft-j 
T^ft. iitt. IS— O^NSM5 5<£AlGaInAs/f , SSZ. 
«7)#-®^5 6t± AlGalnPJfT&D. AlGaInAs®5 5<0 
^zS^^^-CMRigibf & tcj: 9 JJB»D B R 

[ 0 0 3 S ] v£tt«4 20j||H$#3H*g!&£AL*:fll 
aV>iii ix & flH*^$0Rff¥*qi&««>¥J5 

it. *Stt®4 2 i: *<?5_LT«0£HIR4 0 . 4 6£>¥%a 
Uf^* . *tf«iiJi4 S a<7)«8t/r^i 0S< LT . 

«i4Ji 4 2 zyemimmiz lx$>& , 

[0039] Sji®4 S altg&mzli pMAlGalnAsP 
b nSAlGalaAsP <7M*)&VMb. Fe$>&t,4iCr K-T 
SrK— ty^L^^ffiigAlGaJiiAsP /It L . SiC s Cix 
£>OJf<7)iatCflk?;>JiJ: O^Alfflf£(?)i£v>AlGaInAsP <?)B| 

[ o 0 4 o ] mz, &&m4 2(7>mmz¥mtm&tiLSk 

LfcflSJtOiSttJB 4 2 *£trffi#>iiiix£gfrJH;iAl Gain 
As-c-fflffiK IT * *) . <to±Tfi:lttR«4W)*^r 5 -y 

7&mmm.<7&mm4 o , 4 e * w l t v >s . 
[0041] 07 tcjjSLfcflWfcjtei'— Tiecomffl 

(1) MI/7 -y TTxStfiS ( D B R ) AfRfLfWH 3 4a 
£0¥*¥ft< 1 5 6 ) X'h hfcth. D B R * S §1 «@ 



(2) MSPttt:®h.*Sviaxt , 4' df > D B R OJ[^ 

(3) d b r ^m-6m^~mi> i ^< ta^», 
<4) d b r &H^¥mfr/' ! mmm& <- c tc 

h , Vt -> X . M*Bt 1^— •f^W/^S T 

hh„ 

(5) *IiiMjt*r|5]B${ci5rt-CSttJi4 2^3t#«S1Sii 

(6) TMKDD B R<7>— ttlC^Vflc/^Mfc^ft^. 

(7) t87lE^>»Ai£«Hrc InP««3 2±t^«rfiE 

s i fc *» n> . w&m x^wmm^'&L t qmi& 

(S) mam 4 2 C)±T£iKRI»«#?liM?' 5 v 
ffiffiftttgUfllR 4 0 . 4 6 £ W L T ^ & fcft , €«£<^% 

(9) w±<?>zbfrt>. {8mmw.$&x'mft£ij. a^, # 

(10) itii)14Say , ;'fi*e^(C{i pMAlGalnAsP fc n^Al 
GalnAsP cry&VmLMb . fefo%> ^HCr K-7°£ ]'— f 
>'^L3t^M^iAlGaInAsP iiT^S^. vStt®4 2[5] 

0 <7)ffl32Ji^;j-COffitiL A^ < , iSttJS4 2tll»f 
^<?±ASil^>. Mt. AligBitOiS^AlGaln.AsigfbjiS 

IzMmXb % *) , 4 2 < m^A^A 

$ixs« 

[0042] mft%l'-^<7>i¥mj3&cr>--M£ . 

^if}^*-A= 1.3jum4: L-T. 08-0 1 0 ^#bs.L 

[ 0 0 4 3 ] 08 ( a ) fi (C, nMInPfi^3 

2±C. 

©nai!iPy<y7rJS3 3, 

©A= 13m m<7^aS^Hfc:4* tt . 3t^A/4^n 
SAl 0 . 4PO Ga 0 . 0( , 8 In 0 . E , S2 A5 H3 4 < SS— <?>^N»*Ji ) 
tjt^ ( 3/4 ) Ac7)nSlnP M IMZJ&mttm) 
35ar^TtLT3. ^«ttOT^ 
%m*mtbm 3 6 (ZZX\ AlGalnAs® 3 4 £OA3t^ 
A/4 SrAlGaInAsE?ft^)Srr^^?c(C^ai L, nW\n 
P if 3 5JiAlffifi!c>:GafflB!t2r-tf'o^ Lfe AlGaIiiPT'£> 
) . 

<2>.€^*2 ACOnSlnP H3 7. 

©nMAl. Ga y I ni _--,,. As/13 8 i: nSAl 0 Ga n In 

1 - „ As® 3 9 Z^T b ~fl 2 . 5 ^TCDWi 0 31 L ^/§ 
14 0 (Z<7)tgr£. x>m. x + y =rn+ n f'A 0 . M 
3Sbm3 9\tb^>^h InP(C^S-^-r§. x>tnt 
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ZX'li. x=0.468 . y = 0. m=0.25. n=0.21S b 
IT<^S., nMAl,. V.a., As/S3 8b TiffiAl. (a 

„ lni- n - n As,!3 9t± IDSHDU^ AlKalnAsp-C* 

hh, ) . 

©3l**5n£, /> h'-TVJAl, Ga 7 In,.,.., AstH®«4 
1 (ZZX'ii. x =0.2-0.4 , y =0.218 ~0. 068 b 
LT</ "2») i. Al„. i54Ga 0 . 3H In 0 . 5S2 As #FJ§&.t>"AI 
o. * 6 Ga 0 . 218 In 0 . ?.3 2 AsP$MJ§#»i**8«*ft£3t^4%A*> 

( 3 QW s ) 4 2fc3r frtr-X^— ifM4 3 , 
®pMAI r Ga„ In,..-;, As)f4 4 i: pMAI. Ga„ In 

,.,„.„ (&m4 5^TblX. 2. 5^Tm*mvtc$> 

4 6 {Z . x > in . x + y = in + n TJ> 9 . 

H 4 4 b M 4 5 ii b' % H> t 1 vP&IBtiHBtet h , x > rn 
T*> .644 OYftim 4 5 i 0 Al Wifctfi^ (, * . 

x=0 .468, y = 0. m=0.25» n =0.218 
tlT^&, pSAl, Ga y Inx-.-y AsJf4 4 £ plSAl,, 
Ga„ Ini. 0 . n AsJl4 5li PSMSr-tfofc Lit AlGalnAsP 
X'hh, ) **JfttTOc«*Lfc. 
<2K-<?>±C 0 0 n m<7)Si0 2 Jl4 7 & . MZ-li 5 

[0044] iJctC, US ( b ) (Z^jrf J: (C, Si0 2 J§4 
7rV.x; Cf ijffl tX n^InP Jf 3 7 £ f x «y >" 
B>. 08 (c) (C^idtC. 50nmISO/>'h'— 7*In 
PI4 8, 390nmJ?£DFe i ?.> S I ^tiCr H — 7"<7.) I nPJl 4 
9 . 220nmJ?<7;y > K— 7°A] InAsJf 5 0 . 390nniJf:<7)Fe 
foS^liCrK— 7VJ InPJl5 1. 50Mjft£> J V K — T\ n 
P152 Ofgit£ 2 mia 031 LT . SttJB4 2 tf>J§ffl£ 
«&rtt*Lfc. C1CT\ ft^5 3iiH4 S~5 2<7,20 

[00451 148-5 2(iS^WC{i AlGalnAsP. 3ft. 
Itfe&&V>«CrK— AlGaInAsPT*>4#?. JB 

4 Sat/' 5 2JiAlfflffc, Gafflj£&t/Asffljj!c£-tfu£: L*: 
AlGalnAsP ffcO . «4 9RV5 2t±Alffll£. GaJfii&S. 
tXAs$aj££-fcfui LtzFefo&lViCrF—'TV&t&W: AIG 
a I nAsPTfo 9 . V > K— 7*A1 InAsJi 5 0 liGaffltfti: Pffl 
JftSr-fcfnfcLfc AlGalnAsPT&S* />' H— 7*AlInAsJl 

5 0ltm<7>m4 8-4 9. 5 1 - 5 2 <fc 0 Alffl(fo&*iS 

[0046] &(C. 19 (a) lC5jrf <fc 0 tC. Si0 £ /14 
7££&'?X7£m£&. ^Jgjf 2 AOpMInP H5 
4 , Z iltcgi 3fc2£R A / 4 <D P SA1 o . 4 e „ Ga 
o.oosIno.sssAs J15 5 

( 3/4 ) AOp^InP m (W,Z.<?)¥mWm) 5 6*^ 
Tb L T 2 . 5 ^71 0 jR L X . »«tt<0±^^il^ 
*® 5 7 fcj&H L7i . i i X\ Al Ga! nAsJg 5 5 cr>^%^ 
ft A /4 {iAlGaInAsi§^^@^*:7C(cma3 L. pi 
InP S 5 6ttAlfflfKtGaffl«Sr-fe*ni: AlGalnPTfc 

So . 



[0047] ij^tC 151 9 ( b ) {Z^tX 0 (C . Sit) 2 JS 5 
S £-7X7 LTM^TtU — fWiSti y ^> 
JI > (cj; ':) . 5 0 u in -if & mfSL Ltz , CC7)X y f- 

fJL II 9 ( c ) (c^-idt. rsXTCVDSCiD 

siN x x(isia,*s i 4$M5 9 b ix^mmm itz, 
[0048] mmms 9n£Mmm&. no(a)c 

[0049] mammmk. aio ( b > iz^-tx 

iZ , ±gP^^^#(*® 5 7 O P MAI Ga I nAs/g 5 5 &T/T 

3 6 c7> ti sAiGai nAsis 3 4 <r)*%mm 

(tLT . BBPa5*^VgttJl4 2<7)_hT*T-SSAlGaInAs 
KfklWH 3 4a. 55a $rj^fi!£ L tz . £ tz . fi^ 6 0 T 
StJ:')t. ffliilf^AlGalnAs®. mmiM$S> V- 
r Al I nAs/1 5 0^ MiRMit l tz > 

[0050] ZPMiKSHtlzJ: K> . KRW^O InPJS3 
5 /'Al Gal nAsK?ft^M 3 4 a ( I nPJi 5 6 , " Al Ga I nAsfg 
\mm 5 5a) irt>%& D B R ( W77 •.//R« 

«i4 2^±Tlc^t«?fit, TSP^ 
JI¥#ft:JI 3 6 Tii— SPt InPJl 3 5/ AlGalnAsil 3 4 
tm 0 . ±»#B^NIftJB 5 7 Tii-gCt InPJB 5 6 / 
AlGaInAs«5 5*l-?tl-^ s 

[005 1 ] SIC lijiJiTliAllnAsMS OcDAllflBicAi 
«V >>! fc*»i»S5ttJB4 2 El O^ffitciSffiK^ffift^ii 

ttJB 4 2 icm^&SgC^m < a A-tS - 1 ^ 

[0052] Sf*t-. Hi 0 ( c ) tc^f i 3 vStt 
®4 2±ffl5^»aK5 9*fife*tT3effi»r«5 9 atrffl? 

mw<?>±& co m&m 5 9 £ r&* l t AuZnN i o P e 

nMlnPffi^3 2c7)RbJ^W1©L 
T SrAuGeNi^nSmffib 2mf&Lfz, 
[0053] d(7)J: -) CLTfHRLfeMlftJtl'— r<7J^ 

ftT«L . mimmmmmbmmiz. GainAsp 

L3^. fflV^AlGalnAsai/AlGalnP OfflgcSrgJ:^. 

T InPC»LT+ 1 0%-l 0%Ol5BlTtS^5SS2rS; 

[0054] Hi 1— H 1 4 Sr#^ 

it. *%*mm3mnwmmzjm-t&. mi mm 
smmwmmizi^m^u-^f^mm^-tmmmx' 
mi 2^mi 4tz%comi¥-zmztni- . 

[0055111 1 lz9F?tm$£fcU— nt. Stt«7 3 



•' ( 8 ) 0 0 0-35 3 8 5 S ( P 2 0 00-3 5JLS 



t imm 7 3 ar ¥&f*ffi2j£* L*rfi$3fiOJiT(c. TiSU 

$>m*m>im 6 7 t±gp^»g^^Jis s mi t v > 
l . mwmmiz n mm® 9 3 * # l t t > s , n-"- 9 0 u 

[0056] T3H£JI¥SS*Ji 6 7 eD¥8fffcjfl 6 

5 1 m~<?-tfmfaM 6 6 k -/j^mcmm siifcanstto 
*«Kf»ST-a o . -gutcm-c7>4^«c®6 5 

¥@flsJS 6 6 Sr^-T i ') t s rSttJi 7 3 e9IIT£#t?fi 
m<r>m— 0¥#f*JB6 5# J SHL*;fxT . SMt$!jJB6 5 a 
k m-<7)*mfrfS 6 6 fc a*3c2£«IS $ ft^T&M 7° 7 
•y •T'Kttfii ( D B R ) ffimk $r->T ^ >•§> , MS. 35— <9 
i WWWB6 5tiAIGalriAsJI. ff*Z£>¥8HcJB6 6li A Hi 
alnPJfT'ft 0 . AlGaInAs®6 50A3fc8*fcfffift£'?jfHK 
gHLf S-IktcJ: 0±IKOD BRflBftfcJ&KL-T**. 
[0057] _h$£JI¥&fM8 8ttfl!-^>¥9fMi8 

6 1 m-cvmt*m sit ^mzmm $ *ut*«tt<z> 

¥#fls® 87* .i 1 lz N aStt W 7 3 <7)m± £ & trffi 
J*<J0^-«O#^if*JiS 6**BHfc3ft.T . HHUM8 6 a 
i:^-«0¥##Ji8 7 fc^3E(cg{Ji$n^D B Rflfil 
i^tUS. SI— «0^#:^S6(iAlGaIiiAs 

if. ^<D^f4cB8 7(± AlGaInPJBT*S>9. A 1 Gain As 

186 nfr-mmmttt x-mtRmit? & z. t c j o ±ie 

O D B RflfiftkJftft L T * & , 
[ 0 0 5 S ] jStW7 3^HBBt¥«HWiaie*Lfc« 

ogifi- 4fi =t 9 iSiv >H#r4MKKflBftlc LT % 5 . £tttt(c 
«, n§tt«7 3 k *0>±T*>£MM7 1 . 71C)^im . 
^OifS«7 9 aOWSJ/WJ: 915< LT. 

asatftaiascLTab*. 

[0059] aiiS79 a pMAlGalnAsP 
k nSAlGalnAsP <7)i&9jSLJIk . Fefc&V^iCr H— 7° 
£K— e^Lfc^ftfittAlGalnAsP ii k L- . WlZ . 
& £>J|?>iafCfl&e>JR J: 0 1 Al ffil£f>Iib v >A1 Gal nAsP am. 
•fL@9 1 «:WLTn&. 

[ 0 0 6 0 ] 3C(C, Stta 7 3 Ojaffl£¥*tt«SiJ&£ 
L&ffiftetiS&JI 7 3 Sr*tfflltoiiiii&af4»4AlGaIn 

7RMmffim?>%mm7 1 , 7 7*wltv**. 

[006 1] HI 1 1 tC^L-JtffifKe^— fti. TK*>flP 
fflSWRSrHro. 

(1) M/7 -y { D B R ) tfRffinfl 6 5a 

<W*fWB 6 6 ( ft & v WiKftttJB 8 6 a /Sg~ 
O^NVfMI S 7 ) T& & fcft , D B R 2r ft&f 1 M<om 

mm^^ < lt. ^tv'CTVt'Cjft^&attisft* 

(2) ©JfflHttcfiat&SWaxtr^^^^ps D B 



(3) E) B R &«i^4IIB^Tft3& s '> s S:< T ^ir^Jtrt. 

(4) DBRW-ttt^HMtc *»«aW54fcy>. -Ml: 
tttt^RWS^i:*^* . DBR *aLT«iaaA*nr 

sesrflBt-c a ... m -> x . ts.?Bt v-wmwm&t: 

(5) HEiifSjt-S:|5lH$^WLTi-gtt®7 3*^#^tSjt 
Xfo 6 tzify . mt - HBMP**WT* S . 

(6) TIH0<7) D B R^HKtC^* fctt . 

(7) 4t7S^)»AttJ(lt?CaAsSfi6 3±tCJc^B]"|g 
T'ft 4 C k A» . TO Jft«Wa^*tt i: flHRtt 

(S) *mm 7 3 OiTfcffiRfltJpOft'^KaT* 5 y 
^BtJtO^flJK 7 1. 7 7 £3T L T 1 14 . ®s<7jfe) 

-^A*«T5rigTft9. no. immmi>mz&<% 

(9) J?JLtOii:*»<b. ffiWWta["CK*aj*. iji 

(10) m2M 7 9 a.^^mzii pffiAIGalnAsP t nSAl 
GalnAsP 9 iS LJS k . Feft § W>{iCr H-T$: H— t 
> 7" LTt^le^AlGal nAsP BTft S . SttJi 7 3 03 

*) <rmLmu^<n&w^< . vsi±ii7 3\z9mtm» 

& < i£A§ il4 . StC . Al fflfi!cOS^ >A1 Gal n.AslgfLJl 9 
1 Sr W L T t ^* <7>X . vSttffl 7 3 09 Ofl^Jltfjh&fK 
xmmt % 9 . vS14M 7 3 fcr— JBSW« < TOWftA 

[0062] <R<c, DS^tU— f OfBRSffi^)— PJar . 
?6ffiiS*Sr A =0. 85m rn > LT. II 1 2~0 1 4 
L-TBHB^-*. 

[0063]H12 (a) fcrSrT J: d(C, ngfoAs£& 
6 3±tC. 

<3)nMGaAs.^>y 7tJI6 4 . 

©A =0.S5y.z mOfHi**fc:*t L T . A/40 n 

SA1 o . 9 Ga 0 . i As® 6 5 ( jS-«D¥gifMI ) ( 3 

/ 4 ) AOnMGa 0 . 5 In 0 . 6 P Jf (mz.0&m#M) 66 
Sr^Ti: LT 3 . 5^T^.9ilLT. *ttttOTa^« 
^fltJB 6 7 ( £ C T . Al GaAsff 6 5 A / 4 C9 

*A1 GaAsBS -ftftOJBJf SlSSrTCKJWJ L . n MAI GaAsJi 6 

5 (±1 nffl^ Sr Hf n i L ^Al Gal nAsTft 9 . n 32GaI nP V 

6 6liM$&f£&*:Vb Ltz AlGaInPT#>&. ) . 
®3t^*2 A<7)nMGa 0 . e ,In 0 . 5 P ®68. 
©nMAl 0 . 5 Ga 0 . e AsJB 6 9k ni2Al 0 . 16 Ga 0 . S5 As® 7 0 
sr^rk-r^2. 5^T0^95IL^®M7 1 (£<7)^ 

JB 6 9 ffyftlfim 7 0 «t 9 Alffl^W)^ ^U, n ffiAl 
o. e,Ga 0 . E .As®6 9 nMAl 0 . 5 Ga 0 . 6 As®7 OJilnfflfiRk 
PMJt'at LJtAlGalnAsPT-ftS. ) . 
©5I#^^. S>¥-TC0A\ x Ga,., Asffi^Jffl7 2 (C 



nwcnnrirv- ^ ityyvwacooto* t - 
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-IT'Ji. x=0.3-0.4c l/C<^&) t . GaAs^FJB&tf 
Al o . s Ga 0 . 7 AsfSMJB^ ?:> (ft $ ix 2> Jl A OygttJg 
( 3 QW s ) 73 t Sr^trX^— 9" JB 7 4 . 
©pS!A1 0 . 5 Ga 0 . 5 As® 7 5 i: i»ffiAl 0 . 16 Ga 0 . S5 As>B7 6 
-Sr^Tfc IT. 2. 5 ^TtS 0 ig L&£ MR 7 7 (-10 
H7 5tf>:fr#Ji7 6j: »)AUttJS*»**lr^ pSIM 
o. r.Ga u . 5 AsiS7 5 P§>A1 0 . , 5 Ga 0 . :;:5 AsJl 7 6 ttlntfjtt 
t m&L*4£akLtz AlGalnAsPTfc*. ) ZimiCM. 

©*«±C JRJ¥6 0 0 ii m<7>Si0 2 Jg7 8 Sr. milt 5 

[ 0 0 6 4 ] 012 ( b ) izjtf- J: ') (c . SiQ,JH 

7 S or T X 7 (CflJ FEJ IT n SGa 0 . s ln 0 . 5 P M 6 8 * T'X 
wf-> ^Srfr^ HI 2 ( c ) fcg^J: olz. 50nm/5» 
y > K - 7'Ga 0 . 5 1 n 0 . 5 P !S 7 9 . 220ninJ?<7.)F<i& ^. 
Cr K - 7'W Ga 0 . 5 1 n 0 . , P® 8 0 . 120nmJ?CD y > K - 7* 
Al 0 . 98 Ga 0 . 02 AsJf 8 1 . 220nml5<7)Fe& & WiCr )' — 7' 
C7) Ga(,,r,]ii 0 p.PJIS 2. 50rimlftf>y ✓ H— 7* Ga 0>E ,In 
o . 5 PJH 8 3 <r>mm. £ 2 @^ D 51 L ■ T . vStt M 7 3 «0 W 
Lfc . .ICT. ^84 (±H 7 9-8 3(7)2 
HIB^tS-fS-r. 

[0065) 17 9-8 3{iK#fity::{i AlGaIriAsPT-& 
Jf7 9. 180. JBS2XlXS3tiAlGaInAsP <?> 
A13fi)£fcAsmi££*'oil3t^T;&D. I8 1IJ A1G 
alnAsP^lnffij&i: PiffilfcSr-fc'ni; Lfcfctf5T*&. 

[00661A7 9-8 3fiS#Wt-{2 AlGalnAsP, .&. 
Lffe&SWiCrK — 7'c0^«iit AlGalnAsPT'&SyO 4 '. M 

7 9R7/8 StSAim^ac/Asffi^^-fc'oi: LfcAlGalnAs 
P T'#> 180 &£/S 3(4GaMS.^'Asffl(KSrHf Dt 
LfcFe&S^teCrK-rWS&f* AlGalnAsPT* 0 . 7 
>' K— TAlGaAsJB8 1 (ilriffifiJoi: PSU££-fc*ni; LfzM 
Gal nAsPT'S, & „ y > H -7*AlGaAsJI 8 1 tifl&OJf 7 9 
— 80. 8 2— 6 3 <£ OAHEjfcPftV*. 

[ 0 0 6 7 J . 013 ( a ) lZ^-t X 0 (C. Si0 2 ® 
7S£«fc£-?.X:7*l&*&\ %¥IMt2 AOpMGa 0 . 5 I 
n 0 . 5 P JR8 5&A&U .UllcgiSfUK 3t^A/4 
OpMAlo. 9 Ga 0 . , Asl8 6 ( m~<r>^W.m ) tft^fk 

( 3/4 ) AOp*SGao. & In 0 . 5 P M (SI "WW**) 

8 7ff^7ttt2. 5^T^0iILT\ ^tt^±gp 
^®¥#*®S8 5rJ55t«L/i. dCT. AlGaAs^S6c7) 

A / 4 (4A1 GaAsfflMfcft «DH«f¥ S"7C{^^tUL. P 
SA1 0 . a Ga 0- , AsBS bfilnfflBJtSr-tf'nt IfcAlGalnAsT' 
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